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SUMMARY

The effect of radiation decrease during the motion of a relativis-
tic particle in a uniform magnetic field is obtained by deriving the
equations for the transverse components and finding an approximate value
of the proper time,

When a charged particle moves in a magnetic field, its energy
decreases on account of bremmstrahlung (synchrotron) radiation, which
leads to modification of particle's trajectory.

In the cases when the time of particle sojourn in the field is
comparable with the characteristic time of energy decrease

T ~ mi | esH?
(as, for example, for electrons in cosmic fields), it is necessary to
take into account the radiation attenuation when determining the traject-
ory.

The particle's equation of motion has the form

where the deceleration force t, is (1]

../.,
* VLIYANIYE RADIATSIONNOGO TORMOZHENIYA NA DVIZHENIYE RELYATIVISTSKOY
CHASTITSY V ODNORODNOM MAGNITNOM POLE
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f,= W{[H (H, vi] — T—wa o (Vs H])’} . (2)

Let us direct the axis 2z of the Descartes system of coordinates
along the field and denote
o = eH [ mc, = 2/3e¢H? [ m3ch. (3)

We shall express the velocity v in fractions of ¢ and the energy

E in fractions of _1;_1_92:

n=v/e, w=E[me2=1/[Y{—u
Then, passing to components and taking into account P=Ev/c%; we

shall obtain
duxw/dt = WUy — 6u3(1 -_ uzz)wz,

‘ . (4)
duyw | dt = —ouy — duy(1 — u?)w?,
Cduw [ dt = —duw? (us? + w?).
From (4) it follows, first of all, that
u, = const. (5)

Taking into account (5), we obtain from (4) the equation for energy

variation

dw/dt = —d[(w [ we)? — 1], (6)
where '

Woo = 1/V1 — 2 (7
is the limit value of W at t — oo.
The’integral of (6) is
W = We cth (62 | we + Co). (8)

The constant Co is determined from the condition W= w, at t = 0.

It is appropriate to express the quantity W, by the angle © Dbetween
the velocity's initial direction and the direction of the field and by the
initial value of energy., Assuming in (?) u, =u,cos@® , and taking into
account that w,=1/Y1— t’ we have

Wy — -

- Vecosr 0+ w}sin? @ - (9)

Weo

Utilizing (8), it is possible to integrate the equations for the




transverse components u, and uy

u; = u; (0)e=% sin (o7 + qo),

uy = u, (0) e~ cos (@7 + @), (10)
where 2 (0) = YuF () +2,2(0);
o is the initial phase; 7T is the proper time.
t
dt 1, ch(8tjwy 4 Cy)
T= g_w_ =5 1n R G . (41)

]

It may be seen from (10) that the transverse components of velocity
damp and convert to O at t— oo, ‘

The proper time is a complex function of t , and this is contrary
to the case of motion without taking into account the radiation friction,
when T=t/w, As a consequence of this, the variation of u_ and u, with
time will no longer be harmonic, which will exert influence on the emission

spectrum,

The equations obtained are substantially simplified at passing to
the extreme relativistic case characterized by the correlation w-o}> 1.
Beyond the narrow cone around the field direction with an angle

8o ~ 1/w we have from (9) we A 1/sin®. Then (8) passes to

&= o + sinth (3 sin6). (12)

w

Inasmuch a8 thx attains practically its limit value for a value
of x a little greater than the ynity, the principal energy loss takes

place in the time
to ~ 1/0sin 6. (13)

In the 0<<t<<t dinterval it is sufficient to limit oneself to
the first term of the expansion of thx in series, so that

1= _u‘; 4 (sin®@) 8¢ (t88in@ < 1). (14)

Hence it may be seen that the energy decreases by a factor of 2
for a time ~1/wdsin20.
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For the proper time we have in the same approximation
V= 8 g sint0, (15)

Substituting (15) into (10), we shall obtain the approximate expres-
sions for the transverse velocity components.

The author conveys his gratitude to Prof. L.E.Gurevich for discussing
the work.
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